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Description

Technical Field

[0001] The present disclosure relates to a device for
detecting formation of water ice.

Background

[0002] There are many devices and apparatus that are
susceptible to freezing or frosting, that is, devices and
apparatus that are susceptible or prone to a build up of
ice on some part of the device or apparatus. Some ex-
amples include refrigeration apparatus, including specif-
ically freezers and refrigerators and the like, air condi-
tioning units, etc.
[0003] So-called frost-free refrigeration apparatus,
such as freezers and refrigerators and the like, employ
various methods for preventing a build-up of ice. One
example of such a method is periodically heating the
freezer or refrigerator to melt any ice that may have
formed inside. For example, a part of the freezer or re-
frigerator that is susceptible to ice build-up may be heated
for 5 or 10 minutes or so every 8 or 10 hours or so. This
process can be wasteful and inefficient as it has no regard
to whether ice has actually formed.
[0004] Other examples of frost-free refrigeration appa-
ratus rely on one or more electronic sensors, which may
measure for example temperature and humidity, and a
microcontroller which determines when defrosting is re-
quired based on outputs of the sensors. Such arrange-
ments are complex, require programming of the micro-
controller, and may not be reliable.
[0005] SU1763825A1 discloses a device which com-
prises a water tank, cooling elements disposed therein,
and a means for controlling the freezing of water, includ-
ing a sensor with a sensing element and a limit switch.
[0006] EP3355009A1 discloses an ice detection unit
which comprises at least a deformable housing for hold-
ing an indicator material, wherein a volume of said de-
formable housing changes with the phase of said indica-
tor material.
[0007] SU407162A1 discloses a method for controlling
the defrosting process of an air cooler.

Summary

[0008] The present invention provides a device for de-
tecting formation of water ice on a substrate, the device
comprising:

a first permanent magnet;
a second permanent magnet;
the first and second permanent magnets being
spaced apart and arranged with a north pole of one
magnet opposed to a south pole of the other magnet
such that the first and second permanent magnets
are normally attracted to each other;

a container which contains a body of water within
the space between the permanent magnets;
at least one of the permanent magnets being mov-
able in the container relative to the other of the per-
manent magnets; and
a heat conductor arrangement for conducting heat
between a said substrate and the body of water in
the container;
whereby as heat is conducted in use from the body
of water in the container to a said substrate by the
heat conductor arrangement and the temperature of
the body of water decreases below the temperature
at which the density of water is a maximum, the vol-
ume of the body of water increases which drives the
first and second permanent magnets apart from each
other.

[0009] Such a device does not require electronic sen-
sors or a microcontroller or other processor or the like to
detect formation of ice or to control a defrosting process.
The device can therefore be relatively simple and inex-
pensive to manufacture.
[0010] In an example, the container which contains the
body of water is thermally insulative.
[0011] In an example, the device comprises a switch
which is caused to operate when the first and second
permanent magnets have been driven such that the dis-
tance between the first and second permanent magnets
exceeds a threshold distance.
[0012] In an example, the threshold distance is such
that the switch is operated only when the body of water
in the container freezes.
[0013] In an example, the switch comprises a first elec-
trical conductor and a second electrical conductor, the
first electrical conductor being fixed relative to the mov-
able permanent magnet so as to move with the movable
permanent magnet, the second electrical conductor be-
ing fixed relative to the other permanent magnet, where-
by the first electrical conductor and the second electrical
conductor are brought into contact with each other to
operate the switch when the distance between the first
and second permanent magnets exceeds the threshold
distance.
[0014] In this example, the first and second electrical
conductors may form an electrically resistive heater when
brought into contact with each other, which can be used
to provide heat to defrost the substrate. That is, the device
can detect formation of ice on the substrate and auto-
matically carry out a defrost process to thaw the ice when
ice is detected.
[0015] There is also provided apparatus comprising:

a substrate which is susceptible to frosting; and
a device as described above;
wherein the heat conductor arrangement of the de-
vice is in thermal contact with the substrate to con-
duct heat between the substrate and the body of wa-
ter in the container of the device.
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[0016] In an example where the device comprises a
switch as described above, the device is arranged such
that operation of the switch causes a heater to operate
to defrost the substrate.
[0017] In an example where the device is arranged
such that operation of the switch causes a heater to op-
erate as described above, the heater may be provided
by the first electrical conductor and the second electrical
conductor of the device.
[0018] In an example, the apparatus comprises a sec-
ond heat transfer arrangement for transferring heat from
the first and second electrical conductors to the substrate
when electrical power passes through the first and sec-
ond electrical conductors when the first and second elec-
trical conductors are brought into contact with each other.
[0019] In an example, the apparatus is a refrigeration
apparatus, the substrate being a pipe which carries re-
frigerant through the refrigeration apparatus.

Brief Description of the Drawings

[0020] To assist understanding of the present disclo-
sure and to show how embodiments may be put into ef-
fect, reference is made by way of example to the accom-
panying drawings in which:

Figure 1 shows schematically an example of a device
according to an embodiment of the present disclo-
sure and an example of a refrigeration apparatus;
and,

Figure 2 shows schematically a more detailed and
partially phantom view of the device of Figure 1.

Detailed Description

[0021] The term "refrigeration apparatus" will be used
herein specifically to include freezers and refrigerators
and the like. The term "refrigeration apparatus" as used
herein may also include air conditioning units and other
devices or apparatus that are susceptible to frosting, in-
cluding in particular devices or apparatus that rely on the
flow of a refrigerant, unless the context requires other-
wise.
[0022] In examples of the present disclosure, a device
for detecting formation of water ice on a substrate is pro-
vided which uses the magnetic force of permanent mag-
nets and the fact that water expands as its temperature
drops below (approximately) 4°C and/or as the water
freezes to form ice at 0°C. The device does not require
electronic sensors or a microcontroller or other processor
or the like to control the defrosting process. In some ex-
amples, the device also provides a switch to operate a
heater and/or the device itself may operate as a heater.
[0023] Referring now to the drawings, Figure 1 shows
schematically an example of a device 10 according to an
embodiment of the present disclosure connected to an
example of a refrigeration apparatus 100. In this exam-

ple, the refrigeration apparatus 100 is a refrigerator or a
freezer. In some examples, the refrigeration apparatus
may be an air conditioning unit or some other apparatus
that is susceptible to freezing or has parts that are sus-
ceptible to freezing.
[0024] The refrigeration apparatus 100 implements a
vapour-compression refrigeration cycle to cool a space
110 within the refrigeration apparatus 100. Specifically,
in this example the vapour-compression refrigeration cy-
cle (described in more detail below) is implemented to
cool a freezer portion 111 of the space 110 to below 0°C.
Other portions of the space 110 will also be cooled de-
pending on the temperature of the freezer portion 111
and the layout of the refrigeration apparatus 100. In any
event, the freezer portion 111 represents a subsection
of the space 110 in which substances, such as foodstuffs,
etc., may be placed to freeze them. More generally, the
vapour-compression refrigeration cycle may be used to
cool a space 110 of a refrigeration apparatus 100 even
if the refrigeration apparatus 100 does not have a freezer
portion as such.
[0025] The refrigeration apparatus 100 comprises a
closed circuit of tubing 120 containing a selected refrig-
erant for cooling the interior of a space 110 (e.g. a food-
stuff-storing portion of a refrigeration apparatus). Specif-
ically, the circuit of tubing 120 includes an internal section
122 located within the freezer portion 111 and an external
section 124 located outside the space 110.
[0026] The refrigerant is selected having a tempera-
ture of vaporisation such that it will vaporise in the internal
section 122 as it absorbs heat from the interior of the
freezer portion 111. For this reason, the internal section
122 is often referred to as an evaporator 122.
[0027] A compressor 123 is provided to compress the
vaporised refrigerant and so raise its temperature signif-
icantly. The high pressure, high temperature refrigerant
vapour passes from the compressor 123 through the
"hot" external section 124 of the circuit 120. The external
section 124 acts as a condenser in the refrigeration cycle,
transferring heat to the environment (e.g. the room in
which the refrigeration apparatus 100 is located). A heat-
sink or fan may be provided to improve the transfer of
heat. The transfer of heat causes at least some of the
refrigerant vapour in the external section 124 to con-
dense back to a liquid form.
[0028] The high pressure refrigerant, now cooled and
at least partially in liquid form, passes to an expansion
valve 121 which reduces the pressure of the refrigerant,
causing it to expand and cool. The low pressure low tem-
perature refrigerant then passes through the evaporator
122 within the freezer portion 111, acting as an evapo-
rator in the refrigeration cycle, to absorb heat from the
interior of the freezer portion 111. As a result, the cool
refrigerant liquid passing through the evaporator 122 va-
porises before passing on to the compressor 123 to com-
plete the refrigeration cycle.
[0029] The compressor 123 may be driven by a low
power DC motor, selected according to the refrigerant
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vapour pressure and temperature required in the external
section 124 of the circuit and the rate of cooling required
by the evaporator 122 of the circuit.
[0030] Because of the low temperatures generated
within the freezer portion 111 by the evaporator 122 of
the tubing 120, humidity from the air may freeze to the
evaporator 122, causing an ice layer to build up over
time. The ice build-up (also called "frost") on the evapo-
rator 122 and/or in other parts of the refrigeration appa-
ratus 100 is undesirable because it occupies space within
the freezer portion 111 or other parts of the refrigeration
apparatus 100, which could otherwise be used for stor-
age (e.g. of foodstuffs) and reduces the efficiency of the
refrigeration apparatus 100. A user of the refrigeration
apparatus may manually "defrost" the refrigeration ap-
paratus 100 periodically by allowing the freezer portion
111 to heat up to a point at which the ice melts, and then
removing the resulting liquid water.
[0031] Some known refrigeration apparatus have an
arrangement, such as a heating resistor or other heating
element, for heating up the freezer portion briefly in order
to melt the ice layer and thereby defrost the freezer por-
tion. In such known refrigeration apparatus, the defrost
process may be performed automatically and periodically
on a cycle, irrespective of how much frost has actually
built up on the evaporator. This process can be wasteful
and inefficient as it has no regard to whether ice has
actually formed. Other examples of frost-free refrigera-
tion apparatus rely on one or more electronic sensors,
which may measure for example temperature and hu-
midity, and a microcontroller which determines when de-
frosting is required based on outputs of the sensors. Such
arrangements are complex, require programming of the
microcontroller, and may not be reliable.
[0032] According to an example of the present disclo-
sure, the device 10 is used to detect formation of ice or
"frost" on some part of the refrigeration apparatus 100.
In this example, the device 10 is used specially to detect
formation of ice on the evaporator 122 but can be used
to detect formation of ice on other parts. This example
of the device 10 does not require electronic sensors or
a controller or the like.
[0033] Referring particularly to Figure 2, this shows
schematically a more detailed and partially phantom view
of the device 10. The device 10 has a container 200 which
contains a body of water 202. The container 200 is a
hollow cylinder. The walls of the container 200 are ther-
mally insulative. The container 200 may be made of for
example a plastics material.
[0034] The container 200 houses two permanent mag-
nets 204, 206. The magnets 204, 206 are spaced from
each other by the body of water 202. The magnets 204,
206 are arranged such that opposite poles are opposed
to each other. That is, a north pole of one magnet 204 is
opposed to the south pole of the other magnet 206. The
magnets 204, 206 therefore tend to attract each other.
At least one of the magnets 204, 206 is movable within
the container 200. In the example shown, the magnet

204 that is uppermost in the drawing is movable within
the container 200. (References here to "upper" and "low-
er" and the like are for convenience when referring to the
drawings. In general, the device 10 may be arranged in
other orientations, though the vertical orientation with the
upper magnet 204 being movable vertically up and down
is likely to be most convenient and effective.) In this ex-
ample, the other magnet 206 is fixed against movement
within the container 200. Accordingly, normally, the mag-
nets 204, 206 are biased towards each other by magnetic
attraction, which pulls the magnets 204, 206 together,
the magnets 204, 206 being held apart by the body of
water 202.
[0035] The device 10 is in thermal communication with
the substrate or part that is susceptible to frosting, which,
in this example, is the evaporator 122 of the refrigeration
apparatus 100. Specifically, the body of water 202 is in
thermal communication with the evaporator 122. In the
example shown, this is achieved by a first heat conductor
arrangement 208 extending between the body of water
202 and the evaporator 122. In the example shown, the
heat conductor arrangement 208 is formed of metal rods
or the like of high thermal conductivity such as copper or
aluminium, etc. In this specific example, the heat con-
ductor arrangement 208 has a clamp portion 210 formed
of two clamp arms which extend out from the body of the
device 10 and which can be clamped around the evap-
orator 122. A further heat conductor 212, which again
may be formed of a metal or the like of high thermal con-
ductivity, extends from the clamp portion 210 into the
body of the device 10 and makes thermal contact with
the body of water 202. The heat conductor 212 may for
example pass through an aperture or through hole in the
wall of the container 200 to contact the water 202. As an
alternative, the wall of the container 200 (which is gen-
erally thermally insulative) may have a thermally conduc-
tive panel or insert or the like and the heat conductor 212
is contact with that thermally conductive part.
[0036] In use, if and when ice forms on the evaporator
122, heat is conducted by the heat conductor arrange-
ment 208 and heat conductor 212 out of the water 202
in the container 200. This causes the temperature of the
water 202 to drop. As is known, water is somewhat un-
usual in that water has a maximum density at (approxi-
mately) 4°C, which is somewhat above its freezing point
of 0°C (at standard pressure). Accordingly, as the tem-
perature of the water 202 in the container 200 drops be-
low around 4°C, the volume of the water 202 increases.
This drives the permanent magnets 204, 206 apart. Fur-
ther, as again is known, as water freezes to form ice at
0°C, the volume increases fairly significantly, by around
9% or so. Accordingly, as the temperature of the water
202 in the container 200 drops to 0°C, the freezing of the
water 202 drives the permanent magnets 204, 206 apart
by a relatively large amount (in particular, increasing the
separation by up to around 9% or so if, as is preferred,
the walls of the container 200 are rigid). In any event, this
movement apart of the permanent magnets 204, 206 can
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be taken as an indication that ice has formed on the evap-
orator 122. It may be noted that this is achieved without
requiring (electronic or similar) temperature sensors, hu-
midity sensors, etc.
[0037] The device 10 described so far therefore oper-
ates to detect formation of ice on the substrate, which in
this example is the evaporator 122 of the refrigeration
apparatus 100. The device 10 may further be arranged
so that heating of the evaporator 122 is then carried out
so as to melt or thaw the ice on the evaporator 122. For
this, the device 10 can be arranged such that movement
of the movable magnet 204 through a threshold distance
operates a switch. The threshold distance may be small,
corresponding for example to the temperature of the wa-
ter 202 dropping to somewhere between 4°C and 0°C.
Alternatively, the threshold distance may be somewhat
larger, corresponding for example to the temperature of
the water 202 dropping to 0°C and therefore when the
water 202 has frozen.
[0038] For this, the device 10 has two electrical con-
ductors 214, 216. The two electrical conductors 214, 216
may be formed of for example metal, such as for example
nichrome (NiCr, nickel-chrome), cupronickel or copper-
nickel (CuNi), etc. A first of the electrical conductors 214
is fixed relative to the movable magnet 204 (for example,
by being directly connected to the movable magnet 204)
so as to move with the movable magnet 204. The second
electrical conductor 216 is fixed relative to the other mag-
net 206. The second electrical conductor 216 is arranged
to be opposed to the first electrical conductor 214 and in
the path of movement of the first electrical conductor 214.
Moreover, the two electrical conductors 214, 216 are nor-
mally spaced apart from each other when the tempera-
ture of the water 202 is relatively high (which indicates
that ice has not formed on the evaporator 122). The dis-
tance between the electrical conductors 214, 216 is such
that as the temperature of the water 202 drops, and in
an example such that as the water 202 freezes, the move-
ment of the movable magnet 204 drives the first, movable
electrical conductor 214 into contact with the second
electrical conductor 216. This contact between the two
electrical conductors 214, 216 can have the effect of clos-
ing a switch.
[0039] For example, the two electrical conductors 214,
216 may be part of an electrical circuit which is connected
to a heater (not shown) which is in contact with or at least
in the neighbourhood of the evaporator 122. As the two
electrical conductors 214, 216 contact each other, this
can be used so switch on the heater, which in turn melts
ice that has formed on the evaporator 122.
[0040] In another example, the device 10 itself may
provide an electrically resistive heater for melting ice that
has formed on the evaporator 122 when the two electrical
conductors 214, 216 are brought into contact with each
other. For example, the two electrical conductors 214,
216 may be connected to opposite sides of a power
source to form an electrical circuit with the power source.
As the two electrical conductors 214, 216 are brought

into contact with each other, this closes the circuit, thus
allowing electrical power to pass through the two electri-
cal conductors 214, 216 to heat the two electrical con-
ductors 214, 216.
[0041] In another example which is indicated in Figure
2, the device 10 has a main external housing 218 which
is formed of an electrically conductive material, which
may be the same material as used for the two electrical
conductors 214, 216. The container 200 for the water
202 and the two permanent magnets 204, 206 is fixed
within the housing 218. A source 220 of electrical power
is connected to the housing 218 at one side and to the
first (movable) electrical conductor 214 at the other side.
The power source 220 may ultimately derive power from
an AC mains power supply. The connection of the power
source 220 to the first electrical conductor 214 is through
an elongate slot 222 in a wall of the housing 218 so that
the connection can be maintained as the first electrical
conductor 214 moves back and forth within the housing
218. When the two electrical conductors 214, 216 are
brought into contact with each other, this closes the circuit
with the power source 220. In this example, the causes
the housing 218 and the first and second electrical con-
ductors 214, 216 to heat up.
[0042] In either of these last two examples, as the first
and second electrical conductors 214, 216 and optionally
the housing 218 heat up, this heat is used to melt the ice
on the evaporator 122.
[0043] To transfer heat from the first and second elec-
trical conductors 214, 216 and optionally the housing 218
to the evaporator 122 in these last two examples, a
number of options are available. In one example, the de-
vice 10 is simply placed close to the evaporator 122 so
that the heat is transferred by convection. Alternatively
or additionally, the device 10 may have a second heat
conductor arrangement 224, which extends between the
housing 218 and the evaporator 122. Like the first heat
conductor arrangement 208, the second heat conductor
arrangement 224 may have a clamp portion 226 formed
of two clamp arms which extend out from the device 10
and which can be clamped around the evaporator 122.
This enables heat to pass by conduction to the evaporator
122, which may provide for faster and more efficient thaw-
ing of the ice. There may be several such second heat
conductor arrangements for passing heat to the evapo-
rator 122. This may be particularly useful if there are sev-
eral particular parts of the evaporator 122 that are sus-
ceptible to frosting as the heat can be directed more spe-
cifically to those parts. On the other hand, there may be
cases where it is better to provide a more general heating
of the evaporator 122. In that case, there may be no ther-
mal conduction of heat to the evaporator 122 and instead
the heat transfer is by convection.
[0044] In any event, once the ice on the evaporator
122 has melted and its temperature rises above 0°C,
heat is transferred by the first heat conductor arrange-
ment 208 from the evaporator 122 to the body of "water"
202 (which is currently ice) in the container 200. This
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melts the ice 202 in the container 200, causing its volume
to reduce. The attractive force between the two magnets
204, 206 pulls the movable magnet 204 towards the fixed
magnet 206, which breaks the contact between the two
electrical conductors 214, 216. This causes the heater
to switch off, whether this is an external heater or is pro-
vided by the device 10.
[0045] The device 10 therefore provides for detection
of formation of ice on a substrate, which in this example
is an evaporator 122 of a refrigeration apparatus but
which in other examples may be another part or compo-
nent of a refrigeration apparatus or other apparatus. This
is achieved without requiring electronic sensors or a mi-
crocontroller or other processor or the like. In an example,
the device 10 also provides a heater for heating the ice
so as to melt the ice, or at least provides a switch for a
heater, which is automatically switched on to melt the ice
when formation of ice on the substrate is detected.
[0046] In the example shown, the first electrical con-
ductor 214 is in the form of a sphere, or at least a hem-
isphere, and the second electrical conductor 216 is cor-
respondingly hemispherical. This provides for a broad,
large contact area between the first and second electrical
conductors 214, 216. Alternatively, the first and second
electrical conductors 214, 216 may another shape, such
as cylindrical.
[0047] The device 10 has been described principally
for use in detecting ice formation on and defrosting an
evaporator 122 of a refrigeration apparatus 100 such as
a refrigerator or a freezer. As noted, the device 10 may
be used in other applications, including for example air
conditioner units or other apparatus that have heat ex-
changers or other parts prone to icing.
[0048] Furthermore, the device 10 has been described
for the example where the liquid 202 in the container 200
is water. As will be appreciated, this relies on one of the
so-called "anomalous" properties of water, namely that
the volume of a fixed mass of water increases as it freez-
es, rather than decreases which is more common. There
are other materials whose volume increases as they
freeze or at least as the temperature drops from one cer-
tain temperature to another even if the material does not
freeze. Such materials include molten silica, silicon, gal-
lium, germanium, antimony and bismuth. It may be pos-
sible to use such materials in the container 200 instead
of or in addition to water, depending on the specific ap-
plication and the relevant temperatures.
[0049] The examples described herein are to be un-
derstood as illustrative examples of embodiments of the
invention. Further embodiments and examples are en-
visaged.
[0050] Furthermore, equivalents and modifications not
described herein may also be employed within the scope
of the invention, which is defined in the claims.

Claims

1. A device (10) for detecting formation of water ice on
a substrate (122), the device (10) comprising:

a first permanent magnet (204);
a second permanent magnet (206);
the first and second permanent magnets (204,
206) being spaced apart and arranged with a
north pole of one magnet (204) opposed to a
south pole of the other magnet (206) such that
the first and second permanent magnets (204,
206) are normally attracted to each other;
a container (200) which contains a body of water
(202) within the space between the permanent
magnets (204);
at least one of the permanent magnets (204)
being movable in the container (200) relative to
the other of the permanent magnets (206); and
a heat conductor arrangement (208) for con-
ducting heat between said substrate (122) and
the body of water (202) in the container (200);
whereby as heat is conducted in use from the
body of water (202) in the container (200) to said
substrate (122) by the heat conductor arrange-
ment (208) and the temperature of the body of
water (202) decreases below the temperature
at which the density of water is a maximum, the
volume of the body of water (202) increases
which drives the first and second permanent
magnets (204, 206) apart from each other.

2. A device (10) according to claim 1, wherein the con-
tainer (200) which contains the body of water (202)
is thermally insulative.

3. A device (10) according to claim 1 or claim 2, com-
prising a switch which is caused to operate when the
first and second permanent magnets (204, 206) have
been driven such that the distance between the first
and second permanent magnets (204, 206) exceeds
a threshold distance.

4. A device (10) according to claim 3, wherein the
threshold distance is such that the switch is operated
only when the body of water (202) in the container
(200) freezes.

5. A device (10) according to claim 3 or claim 4, wherein
the switch comprises a first electrical conductor (214)
and a second electrical conductor (216), the first
electrical conductor (214) being fixed relative to the
movable permanent magnet (204) so as to move with
the movable permanent magnet (204), the second
electrical conductor (216) being fixed relative to the
other permanent magnet (206), whereby the first
electrical conductor (214) and the second electrical
conductor (214) are brought into contact with each
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other to operate the switch when the distance be-
tween the first and second permanent magnets (204,
206) exceeds the threshold distance.

6. Apparatus (100) comprising:

a substrate (122) which is susceptible to frosting;
and
a device (10) according to any of claims 1 to 5;
wherein the heat conductor arrangement (208)
of the device (10) is in thermal contact with the
substrate (122) to conduct heat between the
substrate (122) and the body of water (202) in
the container (200) of the device (10).

7. Apparatus (100) according to claim 6, wherein the
device (10) is a device (10) according to any of claims
3 to 5, arranged such that operation of the switch
causes a heater to operate to defrost the substrate
(122).

8. Apparatus (100) according to claim 7, wherein the
device (10) is a device (10) according to claim 5, the
heater being provided by the first electrical conductor
(214) and the second electrical conductor (216) of
the device (10).

9. Apparatus (100) according to claim 8, comprising a
second heat conductor arrangement (224) for trans-
ferring heat from the first and second electrical con-
ductors (214, 216) to the substrate (122) when elec-
trical power passes through the first and second
electrical conductors (214, 216) when the first and
second electrical conductors (214, 216) are brought
into contact with each other.

10. Apparatus (100) according to any of claims 6 to 9,
wherein the apparatus (100) is a refrigeration appa-
ratus (100), the substrate (122) being a pipe which
carries refrigerant through the refrigeration appara-
tus (100).

Patentansprüche

1. Vorrichtung (10) zum Erfassen der Bildung von Was-
sereis auf einem Substrat (122), wobei die Vorrich-
tung (10) aufweist:

einen ersten Permanentmagneten (204);
einen zweiten Permanentmagneten (206);
wobei die ersten und zweiten Permanentmag-
nete (204, 206) voneinander beabstandet sind
und mit einem Nordpol eines Magneten (204)
gegenüber einem Südpol des anderen Magne-
ten (206) so angeordnet sind, dass die ersten
und zweiten Permanentmagnete (204, 206) nor-
malerweise zueinander angezogen werden;

einen Behälter (200), der ein Gewässer (202)
im Raum zwischen den Permanentmagneten
(204) enthält;
wobei wenigstens einer der Permanentmagnete
(204) im Behälter (200) relativ zum anderen der
Permanentmagnete (206) beweglich ist; und
eine Wärmeleiteranordnung (208) zum Leiten
von Wärme zwischen dem Substrat (122) und
dem Gewässer (202) im Behälter (200);
wodurch, wenn im Betrieb Wärme vom Gewäs-
ser (202) im Behälter (200) durch die Wärme-
leiteranordnung (208) zum Substrat (122) gelei-
tet wird und die Temperatur des Gewässers
(202) unter die Temperatur sinkt, bei der die
Wasserdichte ein Maximum ist, das Volumen
des Gewässers (202) zunimmt, was die ersten
und zweiten Permanentmagnete (204, 206)
voneinander wegtreibt.

2. Vorrichtung (10) nach Anspruch 1, wobei der Behäl-
ter (200), der das Gewässer (202) enthält, thermisch
isolierend ist.

3. Vorrichtung (10) nach Anspruch 1 oder Anspruch 2,
aufweisend einen Schalter, der veranlasst wird, zu
arbeiten, wenn die ersten und zweiten Permanent-
magnete (204, 206) so angetrieben wurden, dass
der Abstand zwischen den ersten und zweiten Per-
manentmagneten (204, 206) einen Schwellenab-
stand überschreitet.

4. Vorrichtung (10) nach Anspruch 3, wobei der
Schwellenabstand derart ist, dass der Schalter nur
betätigt wird, wenn das Gewässer (202) im Behälter
(200) gefriert.

5. Vorrichtung (10) nach Anspruch 3 oder Anspruch 4,
wobei der Schalter einen ersten elektrischen Leiter
(214) und einen zweiten elektrischen Leiter (216)
aufweist, wobei der erste elektrische Leiter (214) re-
lativ zum beweglichen Permanentmagneten (204)
fixiert ist, um sich mit dem beweglichen Permanent-
magneten (204) zu bewegen, wobei der zweite elek-
trische Leiter (216) relativ zum anderen Permanent-
magneten (206) fixiert ist, wodurch der erste elektri-
sche Leiter (214) und der zweite elektrische Leiter
(214) miteinander in Kontakt gebracht werden, um
den Schalter zu betätigen, wenn der Abstand zwi-
schen den ersten und zweiten Permanentmagneten
(204, 206) den Schwellenabstand überschreitet.

6. Vorrichtung (100), aufweisend:

ein Substrat (122), das frostempfindlich ist; und
eine Vorrichtung (10) nach einem der Ansprü-
che 1 bis 5;
wobei die Wärmeleiteranordnung (208) der Vor-
richtung (10) in thermischem Kontakt mit dem
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Substrat (122) steht, um Wärme zwischen dem
Substrat (122) und dem Gewässer (202) im Be-
hälter (200) der Vorrichtung (10) zu leiten.

7. Vorrichtung (100) nach Anspruch 6, wobei die Vor-
richtung (10) eine Vorrichtung (10) nach einem der
Ansprüche 3 bis 5 ist, die so eingerichtet ist, dass
die Betätigung des Schalters bewirkt, dass eine
Heizvorrichtung betätigt wird, um das Substrat (122)
abzutauen.

8. Vorrichtung (100) nach Anspruch 7, wobei die Vor-
richtung (10) eine Vorrichtung (10) nach Anspruch
5 ist, wobei die Heizvorrichtung durch den ersten
elektrischen Leiter (214) und den zweiten elektri-
schen Leiter (216) der Vorrichtung (10) bereitgestellt
wird.

9. Vorrichtung (100) nach Anspruch 8, aufweisend eine
zweite Wärmeleiteranordnung (224) zum Übertra-
gen von Wärme von den ersten und zweiten elektri-
schen Leitern (214, 216) auf das Substrat (122),
wenn elektrische Leistung durch die ersten und zwei-
ten elektrischen Leiter (214, 216) fließt, wenn die
ersten und zweiten elektrischen Leiter (214, 216)
miteinander in Kontakt gebracht werden.

10. Vorrichtung (100) nach einem der Ansprüche 6 bis
9, wobei die Vorrichtung (100) eine Kühlvorrichtung
(100) ist, wobei das Substrat (122) ein Rohr ist, das
Kühlmittel durch die Kühlvorrichtung (100) führt.

Revendications

1. Dispositif (10) destiné à détecter la formation de gla-
ce d’eau sur un substrat (122), le dispositif (10)
comprenant :

un premier aimant permanent (204) ;
un deuxième aimant permanent (206),
les premier et deuxième aimants permanents
(204, 206) étant espacés l’un de l’autre et agen-
cés avec le pôle nord d’un aimant (204) étant
opposé au pôle sud de l’autre aimant (206) de
telle sorte que les premier et deuxième aimants
permanents (204, 206) sont attirés normale-
ment l’un vers l’autre ;
un contenant (200) qui contient une masse
d’eau (202) dans l’espace entre les aimants per-
manents (204) ;
au moins l’un des aimants permanents (204)
étant mobile dans le contenant (200) par rapport
à l’autre des aimants permanents (206) ; et
un ensemble conducteur de chaleur (208) des-
tiné à conduire de la chaleur entre ledit substrat
(122) et la masse d’eau (202) dans le contenant
(200),

moyennant quoi, lorsque de la chaleur est con-
duite, en cours d’utilisation, de la masse d’eau
(202) dans le contenant (200) audit substrat
(122) par l’ensemble conducteur de chaleur
(208) et lorsque la température de la masse
d’eau (202) diminue en dessous de la tempéra-
ture à laquelle la densité d’eau est à un maxi-
mum, le volume de la masse d’eau (202) aug-
mente, ce qui conduit à éloigner les premier et
deuxième aimants permanents (204, 206) l’un
de l’autre.

2. Dispositif (10) selon la revendication 1, dans lequel
le contenant (200) qui contient la masse d’eau (202)
est thermiquement isolant.

3. Dispositif (10) selon la revendication 1 ou 2, com-
prenant un commutateur qui est amené à se mettre
en fonctionnement lorsque les premier et deuxième
aimants permanents (204, 206) ont été alimentés de
telle sorte que la distance entre les premier et deuxiè-
me aimants permanents (204, 206) dépasse une dis-
tance de seuil.

4. Dispositif (10) selon la revendication 3, dans lequel
la distance de seuil est telle que le commutateur ne
se met en fonctionnement que lorsque la masse
d’eau (202) dans le contenant (200) gèle.

5. Dispositif (10) selon la revendication 3 ou 4, dans
lequel le commutateur comprend un premier con-
ducteur électrique (214) et un deuxième conducteur
électrique (216), le premier conducteur électrique
(214) étant fixe par rapport à l’aimant permanent mo-
bile (204) de manière à se déplacer avec l’aimant
permanent mobile (204), le deuxième conducteur
électrique (216) étant fixe par rapport à l’autre aimant
permanent (206), moyennant quoi le premier con-
ducteur électrique (214) et le deuxième conducteur
électrique (216) sont amenés en contact l’un avec
l’autre pour faire fonctionner le commutateur lorsque
la distance entre les premier et deuxième aimants
permanents (204, 206) dépasse la distance de seuil.

6. Appareil (100) comprenant :

un substrat (122) qui est sensible au givrage ; et
un dispositif (10) selon l’une quelconque des re-
vendications 1 à 5,
dans lequel l’ensemble conducteur de chaleur
(208) du dispositif (10) est en contact thermique
avec le substrat (122) pour conduire de la cha-
leur entre le substrat (122) et la masse d’eau
(202) dans le contenant (200) du dispositif (10).

7. Appareil (100) selon la revendication 6, dans lequel
le dispositif (10) est un dispositif (10) selon l’une quel-
conque des revendications 3 à 5, agencé de telle
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sorte que le fonctionnement du commutateur amène
à la mise en fonctionnement d’un élément chauffant
pour dégivrer le substrat (122).

8. Appareil (100) selon la revendication 7, dans lequel
le dispositif (10) est un dispositif (10) selon la reven-
dication 5, l’élément chauffant étant fourni par le pre-
mier conducteur électrique (214) et le deuxième con-
ducteur électrique (216) du dispositif (10).

9. Appareil (100) selon la revendication 8, comprenant
un deuxième ensemble conducteur de chaleur (224)
destiné à transférer de la chaleur des premier et
deuxième conducteurs électriques (214, 216) au
substrat (122) lorsque de la puissance électrique
passe à travers les premier et deuxième conducteurs
électriques (214, 216) lorsque les premier et deuxiè-
me conducteurs électriques (214, 216) sont amenés
en contact l’un avec l’autre.

10. Appareil (100) selon l’une quelconque des revendi-
cations 6 à 9, dans lequel l’appareil (100) est un ap-
pareil de réfrigération (100), le substrat (122) étant
un tuyau qui transporte le réfrigérant à travers l’ap-
pareil de réfrigération (100).
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